Here is another issue of our newsletter. It includes a contribution from KBC
Profimatics, one of the major providers of process models for on- and off-line
optimization in the refinery. This type of contribution from our partners and clients is
becoming a permanent fixture in this newsletter. Shell Global Solutions in the previous
issue, KBC Profimatics in this one. Who is next?

For me, summer is always a good time for reflection. After all, this is when all
the people who usually occupy my time are on vacation! Yeah, right ...blame my
musings on others. Anyway, the topic of my reflection this summer was synthetic crude
oil, or SCO in short. Impressed? | will start with a sentence designed to make you stop
eating your lunch and think: The production of bitumen and bitumen-derived synthetic
crude (SCO) in Canada is rapidly expanding, but it’s not all good news...or is it? Il
explain the big money opportunity a bit later, but first — what’s behind the growth in
Canada’s bitumen and SCO production?

Growth in SCO production

Canada has 300 billion barrels of bitumen, recoverable using existing
technology, and another 1.5 to 2 trillion barrels that are more difficult to extract. Only
Saudi Arabia, which enjoys nearly a quarter of the world’s conventional oil reserves,
surpasses Canada’s recoverable reserves. Today's bitumen production rate exceeds 580
kbpd (580 thousand barrels per day), but, according to the Canadian Association of
Petroleum Producers, it will more than quadruple by 2010. Much of the Canadian
bitumen is diluted with light hydrocarbons and sent directly to U.S. refineries, but more
than half is upgraded in Canada and made into synthetic crude oil (SCO). There are
three bitumen upgraders in Canada: Syncrude Canada Limited and Suncor Energy Inc.
are situated in Northern Alberta, and the Husky upgrader is located in Saskatchewan
near the border with Alberta. Recently, Shell Canada started construction of a fourth
bitumen upgrader near the Scotford (SCO) refinery in Fort Saskatchewan, Alberta. By
2003 the output from the Shell upgrader will displace the 155 kbpd of Suncrude and
Suncor SCO, currently processed by the Scotford refinery. At the same time, production
rates in existing upgraders are about to increase dramatically. The expansion of the
Syncrude upgrader will increase its throughput from the current 215 kbpd to 360 kbpd
by 2004, and up to 450 kbpd by 2007. As a result of Project Millenium, the current
Suncor output of 120 kbpd will increase to 225 kbpd by the end of 2001 and will further
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.rom the Manager’s Desk (cont’'d) BIG MONEY

The production of diluted bitumen is expected to grow even more dynamically than the production of Canadian SCO.

As a result of all the upgrader expansions in Canada, by the end of 2005, the current SCO production of
approximately 398 kbpd will more than double to 860 kbpd. The long realized decline of conventional crude reserves
and the renewed interest of the U.S. administration in Canadian bitumen, as indicated in Vice-President Dick Cheney's
recent energy report, indicate that this rapid growth in SCO production will most likely continue in the foreseeable
future.

Constraints to processing SCO

The current quality SCO consists of three main fractions: naphtha - 18.6vol %; light gas oil (LGO) — 43.5vol %;
and heavy gas oil (HGO) - 37.9vol %. The naphtha and LGO are already in the gasoline and diesel fuel boiling ranges.
However, HGO has to be converted to lower boiling material before it can be used for blending fuels or heating oil.
HGO processability appears to be the greatest problem faced by Canadian SCO producers. All SCO components are
quite aromatic in nature, which does not agree well with ever more stringent environmental specifications for motor
fuels. However, apart from product quality concerns, in the case of HGO the high aromatics content also results in
operating challenges during conversion, which makes U.S. refiners less than enthusiastic about processing more
synthetic HGO.

In current practice, bitumen-derived HGO is converted by means of either hydrocracking or FCC. In Canada,
it is mostly fed to hydrocrackers (e.g. Shell in Scotford, Petro-Canada in Edmonton, Sunoco in Sarnia). With the
sizable hydrocracking conversion capacity, very little HGO is blended into FCC feedstocks. In the U.S., the situation
appears to be quite different. According to the recent CERI report (“Markets for Canadian Bitumen-Based
Feedstocks”), there are four refineries that process Canadian-made SCO (Koch in Rosemount, Marathon/Ashland in
St. Paul, Sun in Toledo, and Ultramar-Diamond-Shamrock in St. Alma) and none of them has a hydrocracker. This
indicates that, in the U.S., most or even all HGO from SCO is converted by means of FCC. There is evidence that, due
to operational and product quality concerns, the HGO content in the FCC diet does not exceed 20%. Again, what is
contributing to this limitation is HGO’s high aromaticity. High coke make is the cause of accelerated catalyst
deactivation and potential thermal imbalance in the FCC unit. HGO from synthetic crude also makes excessive
amounts of low cetane LCO, which is not a desirable diesel-blending component.

Is this a problem or an opportunity?

The answer to this question really depends on what attitude you take. If you wait and do nothing, SCO
processing will of course remain challenging. However, by putting resources into catalyst, process, and engineering
research to solve the aromaticity problem, it is possible to turn this challenge into an opportunity. Let's give this a
closer look.

The product quality concerns about bitumen-derived materials and operating difficulties that have long been
suffered by SCO and heavy Canadian crudes translate into substantial discounts. For example, in 2001, the price
differential between Brent crude and SCO fluctuated around US$2 per barrel, despite the fact that SCO does not
contain residue. One likely result of the increasing SCO production rate is that the SCO price will come under
downward pressure. So, at least in the short term, the price differential should be expected to grow. How much
money are we talking about? Well, a quick back-of-the-envelope economic calculation (please bear with me; | am just
an engineer) tells us that in 2005 a US$1 price differential would be worth approximately US$258 million per annum
in additional revenue to Canadian SCO producers. Let's now conservatively assume that the price differential will
average US$2 per barrel in 2005. Is the reward for removing SCO aromaticity-related processing challenges worth
over US$0.5 billion per annum? This sounds like an opportunity to me — opportunity that should spark strong interest
on the part of catalyst vendors and technology providers. But it hasn’t. Not yet.

...Continued on page 3
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.rom the Manager’s Desk (cont'd) BIG MONEY

Seeking solutions

Unfortunately, in the near future it is rather unlikely, given available resources, that Canadian and, in particular,
U.S. refiners will substantially modify their conversion capacity to accommodate the increasing SCO production — probably
not before SCO prices drop even lower, pressured by growing supply. Therefore, a successful solution aimed at reducing
the price differential will probably have to fit current refining infrastructure. This does not preclude adding a new process
that would bridge the quality gap between SCO and the ideal refinery feed mentioned earlier.

According to a January 1, 2001 Oil&Gas Journal survey, the U.S. combined conversion capacity of hydrocracking
and FCC is 7,029 kbpd. FCC constitutes 79% of that capacity. This FCC domination makes it the prime target for efforts to
expand the SCO market, and the current 20% diet limitation makes FCC the prime target for research to achieve this
expansion. It appears that the key to broadening the North American SCO market is to make synthetic HGO a better FCC
feedstock. This will allow more HGO to “fit” into any one of the FCC units that already processes it. Better HGO quality will
also encourage more refineries with FCC units to buy SCO. Likewise, to broaden the market, one would have to either
devise a process based on some new step-out technology or rely on a series of smaller incremental improvements in FCC
and cat-feed hydrotreatment catalysts.

SURG has been active in pursuing both these approaches by working with catalyst manufacturers and conducting
in-house research projects. This work relies heavily on the availability of funding for the intended reconstruction and
commissioning of the FCC riser pilot plant unit that just arrived at NCUT from the BP research centre in Naperville, IL. In
the next issue, | will give you some more detailed information about the capabilities of this unit.

.What’s i’ STABILITY AND COMPATIBILITY SYMPOSIUM A SUCCESS

NCUT’s Symposium on Stability and Compatibility during the Production, Transportation and Refining of
Petroleum was held in Calgary on September 17-18, and had an attendance approaching 100, despite often difficult
traveling circumstance faced by international colleagues attending from the United States. The symposium included
presentations by world-class researchers from the private sector, academia and government. These leaders shared their
considerable experience in a field that is considered by many experts to be critical to realizing the full expansion potential
of Western Canada’s oil exports to the US market. With heavy oil and bitumen poised to take an ever-increasing share of
the North American energy market, and with so many new and innovative upgrading technologies emerging in response to
increasing market demand and environmental and engineering concerns, the symposium proved timely.

Many senior managers were in attendance, representing all of the upgrading technologies under development, or
near commercialization. In order for these new processes to gain wider acceptance in the industry, it is important that the
products they create mix and remain stable with existing crudes in pipelines, storage facilities and refineries. As such,
stability and compatibility have become an increasing focal point for research at NCUT, with scientists such as Dr. Parviz
Rahimi and Richard Parker — the symposium’s organizers — partnering with different companies and research facilities. The
knowledge gained during the two days, and the key personal contacts created, provided the petroleum industry and
related research organizations with a better understanding of technology barriers, and a greater ability to overcome them.

If you would like a binder and CD of the slides and abstracts from the presentations made at the Symposium,
please contact NCUT’s information officer Norm Sacuta (nsacuta@nrcan.gc.ca), who will arrange purchasing, shipment and

invoicing for an inclusive price of Can$125.00.
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-Scientifically Speaking KBC PROFIMATICS AND PROCESS MODELING

By Michael Hu, Senior Staff Consultant, KBC Profimatics

KBC’s Profimatics group has been engaged in the development and licensing of refinery process simulators
for over 20 years. These refinery unit models rigorously simulate conversion processes such as fluid catalytic
cracking, catalytic reforming, hydrocracking, hydrotreating and delayed coking. They have been used in refineries
around the world and are recognized as the most technically accurate and complete package of simulation and
support technology available to the refinery.

The success of KBC Profimatics refinery process models can be attributed to the first-principle kinetic-based
approach and extensive process data for model development. The sources of data include commercial operations,
unit design specifications and pilot plant test results. Particularly, when there is a need to expand a model’s
predictability to an area that is way outside the typical commercial operating windows, pilot plant data becomes the
preferred source of information for model development. Over the years, KBC’s Profimatics group has been working
with several well-known research laboratories to meet this need. For example, there is a new proposal to lower
sulfur content for on-road diesel to 10 - 15 ppmw by as early as 2005 to 2007. Refineries must start the technology
assessment to select the most suitable process option and plan their investment strategy based on available technical
know-how, refinery complexity, and local market economics, in order to produce this so called ultra low sulfur diesel
(ULSD) by the mandated date. Therefore, it has become KBC’s goal to upgrade its hydrotreater simulator, HTR-SIM,
with new sulfur reaction kinetics for ultra low sulfur (<10 ppmw) capability. This inevitably requires a significant
amount of research support.

It is well known that the National Centre for Upgrading Technology is equipped with the most advanced
analytical capabilities and a first class integrated pilot plant testing facility for high pressure hydrotreating and
hydrocracking processes. KBC is very pleased to have had the opportunity to work with NCUT for the past few
months to significantly improve the HTR-SIM model, by implementing some of their findings from the detailed sulfur
specification analysis and ULSD hydrotreating pilot plant study. A paper entitled “An Integrated Approach to Meeting
the Challenges of Ultra Low Sulfur Diesel — Analytical Support, Process Research and Computer Simulation” was jointly
presented at the 2001 NPRA computer conference in Dallas. An additional contractual research program has been
planned for the near future to address some other aspects of hydrocracking and hydrotreating feed characterization

and reaction kinetics. For additional information concerning KBC Profimatics’ process simulators, please visit
www.kbcat.com or send your request via e-mail to bpowell@kbcat.com.

. T NCUT SCIENTIST TO CHAIR AIChE SYMPOSIUM

NCUT’s Richard J. Parker (diparker@nrcan.gc.ca) is one of the co-chairs of the 3rd International Symposium
on Mechanisms and Mitigation of Fouling in Refining and Upgrading, which is to be held at the AIChE Spring Annual
Meeting in New Orleans on March 10-14, 2002.

Petroleum and heavy oils are known to foul heat exchangers, furnace tubes, fractionators, and reactors
during upgrading and refining. In future, the feed to refineries is predicted to get heavier and heavier. Many fouling
problems are associated with the heavier components of the oils, especially asphaltenes. Partial upgrading
processes for heavy oils are being introduced in Canada, Venezuela and other parts of the world. These processes
improve ‘pipelineability’ by reducing the viscosity of the oils. However, they may create instability and compatibility
problems during transportation and refining. Fouling problems are often exacerbated by unstable or incompatible
components generated by these processes. The session co-chaired by Mr. Parker will provide a forum to discuss
refinery fouling problems, mechanisms, and mitigation methods, with an emphasis on processing heavy oils.

The deadline for submission of abstracts passed on October 15th, but anyone interested in the details of
this seminar, or of other sessions to be held at the Spring meeting, should visit the AIChE Website at
www.aiche.org/conferences/spring.
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.ientifically Speaking OXIDATIVE DESULFURIZATION OFFERS ALTERNATIVE TO HDS

New environmental regulations call for <50 ppm sulfur in diesel in Europe by 2005, and 15 ppm in the
U.S. by 2006. To achieve these goals with current hydrodesulfurization (HDS) technology, higher temperature,
higher pressure, larger reactor volume, and more active catalysts have to be applied. HDS reactivity of
dibenzothiophenes (DBTs) decreases dramatically with substitution at the 4-position and, even more, with
substitution at 4- and 6-positions. This so called refractory sulfur is of most interest when looking at deep HDS.

There are alternatives to costly HDS, and oxidative desulfurization (ODS) is an attractive one. Not only can
ODS be carried out at very mild conditions but, in ODS, the refractory sulfur can be removed preferentially. To
explore the potential of ODS, a project was carried out at NCUT to study the oxidation reactivities of various
dibenzothiophenes in two different catalytic oxidation systems - polyoxometalate/H202 and formic acid/H202. It
was found that even one of the most refractory 4,6-dimethyldibenzothiophene (4,6-DMDBT) could be oxidized
completely in both systems under very mild reaction conditions (50-90°C and atmospheric pressure—see 4,6-
DMDBT conversions in polyoxometalate/H202 system shown in the figure below). However, the oxidation reactivity
of different dibenzothiophenes was reversed in these two systems. 4,6-DMDBT, less reactive than DBT in the
polyoxometalate system (just like during HDS on heterogeneous catalyst), was more reactive than DBT in the formic
acid system. It appears that the steric effects played a role in the polyoxometalate system due to its relatively large
molecular size.

It is accepted that the low reactivity of 4,6-DMDBT in HDS can be explained by steric hindrance; that is to
say, methyl groups at the 4- and 6-positions of the DBT rings make DBT adsorption via the sulfur atom (a key step
in sulfur removal) more difficult on the catalyst surface. It may not be a coincidence that the polyoxometalate
catalyzed oxidation of dibenzothiophenes shows the same reactivity trends seen in HDS. It is the steric effects, not
intrinsic reactivities, that could be controlling the reaction rate in both cases. These results have some important
implications: when steric effect is playing a dominant role, for example, it may be more effective if a molecular
catalyst with sufficiently small size is used to avoid the steric hindrance. Overall, oxidative desulfurization offers an
important alternative/complementary process to deep HDS.
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4,6-DMDBT conversions as functions of reaction time at various reaction temperatures. Data points represent
experimental results. Lines are predictions of a kinetics model.

(50-70 °C, 5.43 mmol of 4,6-DMDBT, 40 g toluene, 100 g H202 (30%wt) 0.063 mmol of polyoxometalate catalyst)
From: Te M, Fairbridge A, Ring Z. 2001. Applied Catalysis A: General. 219, 267-280.
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